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US -CL- CURRENT: 435/234; 435 / 252 .3 , 435 / 252 .33 , 435/488, 435/ 69.1 , 536/ 23 .2 
CLAIMS : 
We claim: 

1. A substantially pure, recombinantly-produced, modified procaryotic glucose 
isomerase containing a modification wherein at least one and no more than four 
amino acid residues from the corresponding naturally-ocurring glucose isomerase 
within a sphere of 15 A of a bivalent metal cation coordination site is replaced 
by a more positively charged amino acid, which modified glucose isomerase exhibits 
an altered pH/activity profile wherein at least the acidic part of the pH/activity 
profile is shifted to a lower pH value and wherein said modified glucose isomerase 
retains glucose isomerase activity. 

2 . The modified glucose isomerase of claim 1 wherein the corresponding 
naturally-occurring glucose isomerase is derived from a microorganism of the order 
Actinomycetales . 

3. The modified glucose isomerase of claim 2 wherein the Actinomycetales 
microorganism is Actinoplanes missouriensis . 

4. The modified glucose isomerase of claim 3 wherein at least one replaced amino 
acid of the corresponding naturally-occurring glucose isomerase replaced is 
selected from the group consisting of : 

Ala5, Phell, Leul5, Trp20, Gln21, Ala25, Phe26, Asp28, Ala29, Gly47, Tyr49, Thr52, 
Phe53, His54, Asp56, Asp57, Phe61, Ile85, Met88, Phe94, Thr95, Phel04, Glnl22, 
Thrl33, Leul34, Vall35, Alal43, Tyrl45, Tyrl58, Asnl63, Serl69, Glul81, Asnl85, 
Glul86, Glyl89, Ilel91, Prol94, Hisl98, Gln204, Leu211, Phe212, Asn215, Glu217, 
Thr218, His220, Glu221, Gln222, Ser224, Asn225, Leu226, Phe228, Thr229, Gly231, 
Leu236, His238, His243, Asp245, Asn247, His250, Phe254, Asp255, Gln256, Asp257, 
Leu258, Val259, Phe260, His262, Leu271, Tyr28S, Asp286, His290, Asp292, Tyr293, 
Thr298, Glu299, Trp305, Ala310, Met314, Val380, and Asn383, 

said positions referring to the wildtype glucose isomerase of Actinoplanes 
missouriensis, or 

wherein said amino acid replaced is an amino acid at a corresponding position in a 
homologous glucose isomerase. 

5. The modified glucose isomerase of claim 4 wherein said replaced amino acid is 
selected from the group consisting of: 

Ala5, LeulS, Gln21, Ala25, Phe26, Asp28, Ala29, Gly47, Tyr49, Thr52, Asp56, Phe61, 
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Ile85, Metes, Thr95, Phel04, Glnl22, Thrl33, Leul34, Alal43, Tyrl45, Tyrl58, 
Asnl63, Serl69, Asnl85, Glyl89, Ilel91, Prol94; Hisl98, Gln204, Leu211, Phe212, 
Thr218, Gln222, Ser224, Asn225, Leu226, Phe228, Thr229, Gly231, Leu236, His238, 
His243, His250, Phe254, Gln256, Asp257, Leu258, Val259; His262, Leu271, Tyr285, 
Asp286, His290, Tyr293, Thr298, Glu299, Trp305, Ala310, Met314, Val380, Asn383, 
said positions referring to the wildtype glucose isomerase of Actinoplanes 
missouriensis , or 

wherein said amino acid replaced is an amino acid at a corresponding position in a 
homologous glucose isomerase . 

6. The modified glucose isomerase of claim 5 wherein said replaced amino acid 
residue is selected from the group consisting of: 

Ala25, Gly47, Tyr49, Thr52, Phe61, Ile85, Thr95, Glnl22, Thrl33, Tyrl45, Tyrl58, 
Glyl89, Ilel91, Gln204, Thr218, Gln222, Leu226, Thr229, Gly231, Leu236, Gln256, 
Leu258, Tyr293 and Val380, 

said positions referring to the wildtype glucose isomerase of Actinoplanes 
missouriensis, or 

wherein said amino acid replaced is an amino acid at a corresponding position in a 
homologous glucose isomerase. 

7. The modified glucose isomerase of. claim 5 wherein said replaced amino acid 
residue is selected from the group consisting of: 

A25K, D57N, F61K, F94R, E186Q, Q204K, F254K, D255N, L258K, and H290N, 

said positions referring to the wildtype glucose isomerase of Actinoplanes 

missouriensis, or 

wherein said amino acid replaced is an amino acid at a corresponding position in a 
homologous glucose isomerase. 

8. A method to produce a modified procaryotic gluose isomerase of claim 1, which 
process comprises: 

mutating a DNA sequence encoding a wildtype glucose isomerase at selected 
nucleotide positions; 

cloning the mutated sequence into an expression vector in such a manner that the 
DNA sequence can be expressed; 

transforming a host organism or cell with the vector; 
culturing the host organism or cell; and 

isolating the modified glucose isomerase from the culture. 

9. A process for producing the modified glucose isomerase of claim 1 which 
comprises culturing a host organism transformed with a mutated glucose isomerase 
DNA cloned into an expression vector in such a manner that the DNA sequence can be 
expressed under conditions which favor expression and 

isolating the modified glucose isomerase from the culture. 

10. The modified glucose isomerase of claim 7 wherein said amino acid replacement 
is L258K. 

11. The modified glucose isomerase of claim 
is F61K. 

12 . The modified glucose isomerase of claim 
is E186Q. 

13 . The modified glucose isomerase of claim 
is Q204K. 
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wherein said amino acid replacement 
wherein said amino acid replacement 
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A method for selecting amino acid residues is disclosed which upon replacement 
will give rise to an enzyme with an altered pH optimum. The method is specific for 
metalloenzymes which are inactivated at low pH due to the dissociation of the 
metal ions. The method is based on altering the pK.sub.a of the metal coordinating 
ligands or altering the K. sub. ass for the metal binding. New glucose isomerases 
with an altered pH optimum are provided according to this method. These altered 
properties enable starch degradation to be performed at lower pH values. 

13 Claims, 24 Drawing figures 
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New mutant glucose isomerases are provided exhibiting improved properties under 
application conditions. These glucose isomerases are obtained by expression of a 
gene encoding said enzyme, having an amino acid sequence which differs at least in 
one amino acid from the wildtype glucose isomerase. Preferred mutant enzymes are 
those derived from Actinoplanes missouriensis glucose isomerase. 

8 Claims, 38 Drawing figures 
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US -CL- CURRENT: 435/100; 435/234, 435/827, 536 / 23 .2 
CLAIMS : 
We claim: 

1. A modified glucose isomerase comprising a multimeric structure, each monomeric 
unit of said structure having an amino acid sequence which differs from a 
corresponding wild- type glucose isomerase obtained from Actinoplanes missouriensis 
by replacement of at least one amino acid by a different amino acid, wherein said 
replacement is selected from the group consisting of 

replacing Lys 253 by Arg 253; 
replacing Gly 70 by Ser 70; 
replacing Ala 73 by Ser 73; 
replacing Gly 74 by Thr 74; 
replacing Lys 3 09 by Arg 309; 
replacing Lys 319 by Arg 319; and 
replacing Lys 323 by Arg 323; 

said replacement not altering the glucose isomerase activity, and said modified 
glucose isomerase exhibiting enhanced interaction resulting in enhanced resistance 
of said modified glucose isomerase toward covalent binding of substrate molecules 
and thermostability under standard application conditions as compared to said 
corresponding wild- type enzyme. 

2. The modified glucose isomerase of claim 1 wherein Lys253 is replaced by Arg2 53 . 



3. The modified glucose isomeras 
Ala73 is replaced by Ser73 ; and 

4 . The modified glucose isomeras 
or Lys319 is replaced by Arg319; 

5. The modified glucose isomeras 
and Lys319 is replaced by Arg319 

6 . The modified glucose isomeras 

7 . A method to produce fructose 
preparation containing glucose w 
conditions effective to convert 

8 . The modified glucose isomeras 
structure is a tetramer. 



e of claim 1 wherein Gly70 is replaced by Ser70; 
Gly74 is replaced by Thr74 . 

e of claim 1 wherein Lys309 is replaced by Arg309; 

or Lys323 is replaced by Arg323 . 
e of claim 1 wherein Lys309 is replaced by Arg309; 
; and Lys323 is replaced by Arg323 . 
e of claim 1 in immobilized form, 
syrup, which method comprises contacting a 
ith the glucose isomerase of claim 1 under 
a desired amount of glucose to fructose, 
e according to claim 1 wherein the multimeric 
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ABSTRACT : 



A method for selecting amino acid residues is disclosed which upon replacement 
will give rise to an enzyme with an altered pH optimum. The method is specific for 
metalloenzymes which are inactivated at low pH due to the dissociation of the 
metal ions. The method is based on altering the pK.sub.a of the metal coordinating 
ligands or altering the K. sub. ass for the metal binding. New glucose isomerases 
with an altered pH optimum are provided according to this method. These altered 
properties enable starch degradation to be performed at lower pH values. 
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CLAIMS : 



We claim: 

1. A substantially pure, recombinant ly produced, modified procaryotic glucose 
isomerase containing a modification wherein at least one and no more than four 
amino acid residues from the corresponding naturally occurring glucose isomerase 
within a sphere of 15 .ANG. of a bivalent metal cation coordination site is 
replaced by a more negatively charged amino acid, which modified glucose isomerase 
exhibits an altered pH/activity profile wherein at least the acidic part of the 
pH/activity profile is shifted to a higher pH value and wherein said modified 
glucose isomerase retains glucose isomerase activity. 

2 . The modified glucose isomerase of claim 1 wherein the corresponding 
naturally-occurring glucose isomerase is derived from a microorganism of the order 
Actinomycetales , 

3 . The modified glucose isomerase of claim 2 wherein the Actinomycetales 
microorganism is Actinoplanes missouriensis , 

4 . The modified glucose isomerase of claim 1 wherein said at least one amino acid 
of the corresponding naturally-occurring glucose isomerase replaced is selected 
from the group consisting of: 

Ala5, Phell, Leul5, Trp20, Gln21, Arg23, Ala25, Phe26, Asp28, Ala29, Gly47, Tyr49, 
Thr52, Phe53, His54, Asp56, Asp57, Phe61, Ile85, Met88, Phe94, Thr95, Phel04, 
Glnl22, Thrl33, Leul34, Vall35, Alal43, Tyrl45, Tyrl58, Asnl63, Serl69, GlulSl, 
Asnl85, Glul86, Glyl89, Ilel91, Prol94, Hisl98, Gln204, Leu211, Phe212, Asn215, 
Glu217, Thr218, His220, Glu221, Gln222, Ser224, Asn225, Leu226, Phe228, Thr229, 
Gly231, Leu236, His238, His243, Asp245, Asn247, His250, Phe254, Asp255, Gln256, 
Asp275, Leu258, Val259, Phe260, His262, Leu271, Tyr285, Asp286, His290, Asp292, 
Tyr293, Lys294, Thr298, Glu299, Trp305, Ala310, Met314, Val380, and Asn383, 
said positions referring to the wildtype glucose isomerase of Actinopolanes 
missouriensis, 

and wherein said amino acid replaced is an amino acid of the wildtype glucose 
isomerase of Actinoplanes missouriensis or is an amino acid at a corresponding 
position in a homologous glucose isomerase. 

5. The modified glucose isomerase of claim 4 wherein said replaced amino acid is 
selected from the group consisting of: 

Ala5, LeulS, Gln21, Arg23, Ala25, Phe26, Asp28, Ala29, Gly47, Tyr49, Thr52, Asp56, 
Phe61, Ile85, Met88, Thr95, Phel04, Glnl22, Thrl33, Leul34, Alal43, Tyrl45, 
Tyrl58, Asnl63, Serl69, Asnl85, Glyl89, Ilel91, Prol94, Hisl98, Gln204, Leu211, 
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Phe212, Thr218, Gln222, Ser224, Asn225, Leu226, Phe228, Thr229, Gly231, Leu236, 
His238, His243, His250, Phe254, Gln256, Asp257, Leu258, Val259, His262, Leu271, 
Tyr285, Asp286, His290, Tyr293, Lys294, Thr298, Glu299, Trp305, Ala310, Met314, 
Val380, and Asn383; 

said positions referring to the wildtype glucose isomerase of Actinopolanes 
missouriensis , 

and wherein said amino acid replaced is an amino acid of the wildtype glucose 
isomerase of Actinoplanes missouriensis or is an amino acid at a corresponding 
position in a homologous glucose isomerase. 

6. The modified glucose isomerase of claim 5 wherein said replaced amino acid 
residue is selected from the group consisting of: 

Ala25, Arg23, Gly47, Tyr49, Thr52 , Phe61, Ile85, Thr95, Glnl22, Thrl33/ Tyrl45, 
Tyrl58, Glyl89, Ilel91, Gln204, Thr218, Gln222, Leu226, Thr229, Gly231, Leu236, 
Gln256, Leu258, Try293, Lys294 and Val380, 

said positions referring to the wildtype glucose isomerase of Actinopolanes 
missouriensis , 

and wherein said amino acid replaced is an amino acid of the wildtype glucose 
isomerase of Actinoplanes missouriensis or is an amino acid at a corresponding 
position in a homologous glucose isomerase. 

7. The modified glucose isomerase of claim 6 wherein said amino acid replacement 
is selected from the group consisting of: 
R23Q, H54N, T95D, H290N, and K294Q 

said positions referring to the wild-type glucose isomerase of Actinoplanes 
missouriensis, or 

wherein said amino acid replaced is an amino acid at a corresponding position in 
homologous glucose isomerase. 

8. The modified glucose isomerase of claim 
is R23Q. 

9 . The modified glucose isomerase of claim 
is H54N. 

10. The modified glucose isomerase of claim 7 
is T95D. 

11. The modified glucose isomerase of claim 7 
is H290N. 

12 . The modified glucose isomerase of claim 7 
is K294Q. 

.13, A method to produce a modified glucose isomerase of claim 1, 
comprises: 

mutating a DNA sequence encoding a wildtype glucose isomerase at selected 
nucleotide positions; 

cloning the mutated sequence into an expression vector in such a manner that 
DNA sequence can be expressed; 

transforming a host organism or cell with. the vector; 
culturing the host organism or cell; and 

isolating the modified glucose isomerase from the culture. 

14 . A process for producing the modified glucose isomerase of claim 1 which 
comprises culturing a host organism transformed with a mutated glucose isomerase 
DNA cloned into an expression vector in such a manner that the DNA sequence can be 
expressed under conditions which favor expression and 
isolating the modified glucose isomerase from the culture. 

15. A method for altering the pH specificity of a procaryotic glucose isomerase 
wherein at least the acidic part of the pH/activity profile is shifted to a higher 
pH value and wherein said modified glucose isomerase retains glucose isomerase 
activity a more negatively charged • amino acid 

which method comprises substituting for at least one and no more than four amino 
acid residues from the corresponding naturally occurring glucose isomerase within 
a sphere of 15 .ANG. of a bivalent metal cation coordination site. 



wherein said amino acid replacement 
wherein said amino acid replacement 
wherein said amino acid replacement 
wherein said amino acid replacement 
wherein said amino acid replacement 

which process 

the 
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